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Dr Weberi
doi:10.1016/j.jtcvs.2007.05.050bjective: Minimally invasive pectus excavatum repair is a common and painful
urgical procedure in children and adolescents. Adequate postoperative pain therapy
s important far beyond the immediate postoperative period because sensitization to
ainful stimuli can cause chronic pain or higher pain levels during subsequent
urgical procedures. Although data in adults favor thoracic epidural anesthesia for
ain control in thoracotomy, data for adolescents and children are scarce. We tested
he hypothesis that pain relief with thoracic epidural analgesia was superior to that
ith intravenous patient-controlled analgesia after minimally invasive pectus exca-
atum repair in children and adolescents.
ethods: We performed a prospective randomized trial with adolescents who had
ndergone minimally invasive pectus excavatum repair to compare postoperative
ain using two different postoperative pain therapy settings: intravenous patient-
ontrolled analgesia (n  20) with morphine versus continuous thoracic epidural
nalgesia (n  20) with 0.2% ropivacain containing 2 g/mL fentanyl.
esults: Forty patients (32 male and 8 female patients) aged 10 to 28 years were
tudied. The thoracic epidural analgesia group showed lower pain scores (P 
0001) and required less additional pain medication in conjunction with greater
ell-being postoperatively (P  .0001) compared with patients receiving patient-
ontrolled intravenous morphine. There was no significant difference regarding the
ncidence of sedation (P  .38), nausea (P  .10), and pruritus (P  .72) in both
roups.
onclusions: For adolescents undergoing minimally invasive pectus excavatum
epair, thoracic epidural analgesia was superior to intravenous patient-controlled
nalgesia for postoperative analgesia, resulting in lower postoperative pain scores in
onjunction with greater well-being.
ectus excavatum is the most common chest wall deformity in children, with
an incidence of approximately 1 in 700 births. Since 1987, a minimally
invasive approach first described by Nuss and coworkers1 has gained popu
arity.2,3 A convex retrosternal stainless-steel bar is placed and positioned bet
he midaxillary lines at the level of maximal pectus depth to correct the defect.
espite this minimally invasive technique, pectus excavatum operations are very
ainful procedures and postoperative pain management can be difficult.3 Adequate
ostoperative pain therapy is important far beyond the immediate postoperative
eriod because sensitization to painful stimuli can cause chronic pain states or
igher pain levels during subsequent surgical procedures. Nearly 80% of patients
ndergoing this procedure are children or adolescents.4 Although perioperative
horacic epidural analgesia (TEA) is recommended by many authors,5,6 others use
ntravenous patient-controlled analgesia (PCA)7,8 for postoperative analgesia after
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TShis surgical procedure. To date, no study is available that
ompares different types of pain management for pectus
xcavatum repair in a randomized prospective manner.
The aim of the current prospective randomized study
as to compare postoperative pain relief, subjective well-
eing, and incidence of side effects in two different pain
herapy settings: intravenous PCA versus TEA in adoles-
ents undergoing minimally invasive pectus excavatum
epair.
aterials and Methods
tudy Design
his prospective randomized cohort study was performed on pa-
ients (age 10 years) undergoing minimally invasive pectus
xcavatum repair at the Donauspital, Vienna, Austria, between
ctober 2003 and April 2006 after obtaining approval from the
nstitutional review board and written informed consent from each
atient or his or her legal representative.
From previous data of this institution, we determined a minimal
ample size of 17 patients per group to detect a difference between
he 2 treatment groups of 2 visual analog scale (VAS) units with an
stimated standard deviation of 2 by setting the  value at 80% and
he  value at .05 or less.
articipants
f 52 patients eligible for the study, 12 refused participation. Forty
atients (32 male and 8 female patients aged 10–28 years) were
ncluded.
Randomization into the 2 treatment groups (intravenous PCA
n  20] and TEA [n  20]) was done by using a computer-
enerated randomization list. Exclusion criteria were the refusal of
thoracic epidural catheter, pregnancy, bleeding history, and reg-
lar medication interfering with blood coagulation, except low-
ose heparin. Dropout criteria in the TEA group were catheter
islocation, inflammation signs, or both at the catheter insertion
ite.
nesthesia
atients in the TEA group received a thoracic epidural catheter
n the operating room immediately before surgical intervention
fter achievement of local anesthesia by using a median ap-
roach at Th6/7 or Th7/8, corresponding to the probable inser-
ion site of the steel bar. Epidural space was identified by a
oss-of-resistance technique with saline solution. The catheter
as advanced 3 cm into the epidural space. A test dose of 2 mL
f lidocaine 2% with epinephrine 1:200,000 was applied before
sing the epidural catheter to rule out intrathecal or intravasal
alposition.
Induction of anesthesia was performed with 2.5 mg/kg propofol,
Abbreviations and Acronyms
PCA patient-controlled analgesia
TEA thoracic epidural analgesia
VAS visual analog scaleg/kg fentanyl, and 0.6 mg/kg rocuronium for tracheal intubation. 2
66 The Journal of Thoracic and Cardiovascular Surgery ● Octonesthesia was maintained with 6 to 8 mg · kg1 · h1 propofol,
ormoventilation with air/oxygen mix at a fraction of inspired oxygen
f 30%, and repetition doses of 1 to 2 g/kg fentanyl and 0.1 mg/kg
ocuronium at the discretion of the attending anesthesiologist. Fifteen
inutes before the end of the operation, each patient received an
ntravenous bolus of 15 mg/kg acetaminophen.
After the induction of anesthesia, patients in the TEA group
eceived a bolus of 0.2 mL/kg ropivacain 0.2% containing 2
g/mL fentanyl, followed by a continuous rate of 0.2 mL/h of the
ame mixture administered epidurally. All patients were extubated
n the operating room.
ostoperative Analgesia
oth groups received 1 mg/kg diclofenac administered intrave-
ously every 8 hours until the fourth postoperative day.
Intravenous PCA group. Each patient could self-administer
.02 mg/kg morphine as a bolus through a PCA pump (Cadd
rism; Smith Medical, Brunn am Gebirge, Austria); a lockout time
f 6 minutes and a maximal rate of 6 boluses per hour was set. No
dditional continuous rate was applied.
TEA group. Each patient received ropivacain 0.2% contain-
ng 2 g/mL fentanyl continuously at a rate of 0.2
L · kg1 · h1 through the thoracic epidural catheter. Re-
oval of the epidural catheter was performed on the fourth
ostoperative day (96 hours).
Rescue medication in case of break-through pain. At a VAS
ain score of greater than 4, patients of both groups received an
dditional 15 mg/kg acetaminophen administered intravenously
maximum of 4 times a day). If, despite this, break-through pain
as still experienced, additional opioids (1.5-mg piritramide
oluses administered intravenously) were given in the PCA
roup, whereas patients in the TEA group received an addi-
ional epidural bolus of 0.1 mL/kg ropivacain 0.2% with
g/mL fentanyl.
Supplemental oxygen was started at an oxygen saturation of
ess than 94% during spontaneous ventilation.
urgical Procedure
 modification of the original method1 using a thoracoscope fo
he creation of the retrosternal tunnel was used.9 Except for in 
atient assigned to the TEA group, all procedures were primary
perations.
ata Collection
ain as a primary end point was assessed by using an 11-point
AS (0 no pain and 10maximal pain) at the end of anesthesia
0 hours), every 12 hours until the 96-hour postoperative time
oint, and at discharge. Additional pain medication requests were
ssessed by the nurse on the ward.
Subjective well-being was assessed by using a 101-point VAS
0  no well-being and 100  perfect well-being) on the day of
he operation, the first and fifth postoperative days, at discharge,
nd 3 months after the operation.
ide Effects
edation was assessed on a numeric rating scale between 0 and
(0  no sedation and 2  deep sedation by a nurse on the
ber 2007
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TSard). Nausea (presence or absence of) and pruritus were
ssessed by a nurse interviewing the patient. Time points were
he end of anesthesia (0 hours), every 12 hours until the 96-hour
ostoperative time point, and discharge. Additional pain med-
cation requests were assessed according to the same schedule.
ocal inflammation signs at the site of venipuncture and the
pidural catheter were assessed daily by a nurse on the ward.
he presence or absence of supplemental oxygen was recorded
aily.
At discharge, both 3 and 6 months postoperatively, patients
ere interviewed as to whether they would choose the same form
f anesthesia and perioperative pain management again and
hether they experienced any limitations or pain caused by the
igure 1. Higher postoperative pain scores (visual analog scale)
ere reported in patients treated with patient-controlled analge-
ia than those in patients treated with thoracic epidural analge-
ia after pectus excavatum repair (P < .0001). Pain decreases
ver time (P < .0001) in both groups, with a parallel course of the
curves. In the box-and-whiskers plot minimum, maximum, first,
nd third quartiles and the median are depicted.peration. a
The Journal of Thoracictatistical Analysis
tatistical analysis was performed with SPSS 12.0.1 (SPSS, Inc,
hicago, Ill) and SAS 9.1 (SAS Institute, Inc, Cary, NC)
oftware. For group comparison of categoric data, the Fisher
xact test was used. Nonparametric multivariable analysis of
ariance for longitudinal data in a 2-factorial design (first
actor: TEA vs PCA; second factor: time) was applied for the
AS and well-being scores.10 Incidence of side effects and t
eed for additional pain medication was examined by means of
ogistic regression. The generalized estimating equation method
as used to account for dependencies arising from multiple
igure 2. Higher ratings of well-being at a maximum value of 100
or highest well-being were reported in the thoracic epidural
nalgesia group after pectus excavatum repair, compared with
hose in the intravenous patient-controlled analgesia group (P <
0001). In the box-and-whiskers plot minimum, maximum, first,
nd third quartiles and the median are depicted. Circles and
sterisks mark outliers and extreme outliers.ssessments of the same patient (SAS, procedure Genmod).
and Cardiovascular Surgery ● Volume 134, Number 4 867
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TSesults
atients treated with a thoracic epidural catheter after pectus
xcavatum repair reported lower postoperative pain scores
Figure 1) and rated their well-being higher (Figure 2) 
id patients treated with intravenous PCA containing mor-
hine. Postoperative pain scores in the intravenous PCA
roup were higher despite higher intraoperative fentanyl use
n the intravenous PCA group (Table 1). Additionally,
ntravenous PCA group more often required supplemental
xygen (P .0005) and additional pain medication up to 72
ours postoperatively (P  .0001, Figure 3). No differen
etween groups was detectable for sedation (P  .37),
ausea (P  .10), and pruritus (P  .72, Figure 3). Ther
ere no technical difficulties during placement, and no
pidural catheter had to be removed because of inflamma-
ion at the site of insertion. Patient acceptance of both
ethods of postoperative pain therapy was excellent. After
and 6 months of postoperative follow-up, 3 patients in the
ntravenous PCA group but none in the thoracic epidural
atheter group would choose a different form of analgesia
or this operative procedure (P  .23). One patient in the
ntravenous PCA group reported mild thoracic pain after 6
onths (VAS score, 2).
Both groups were comparable except for intraoperative
entanyl use (Table 1).
iscussion
n this prospective randomized study comparing postop-
rative pain with either intravenous morphine PCA or
ontinuous thoracic epidural analgesia after minimally
nvasive pectus excavatum repair, we found lower post-
perative pain scores and higher well-being in the tho-
acic epidural group. Results of this study in adolescent
atients are consistent with studies on postoperative pain
n adults with epidural analgesia,11,12 favoring epidural
nalgesia over other types of postoperative analgesia. In
hildren results of a literature search are more conflict-
able 1. Patient characteristics
ge (y)
ex (M/F)
eight (cm)
ody weight (kg)
ertebral index*
uration of operation (min)
ime between end of operation and extubation (min)
ntraoperative fentanyl (g/kg)
ospital length of stay (d)
ata are presented as means  standard deviation, except for sex. Statis
nd the Fisher exact test was used. PCA, Patient-controlled analgesia; TEA
iameter (VD)  100/Sagittal diameter (SD)  VD.ng; however, different surgical procedures might influ- p
68 The Journal of Thoracic and Cardiovascular Surgery ● Octonce the efficacy of postoperative pain management. In
osterior spinal fusion surgery, 2 studies did not show
ny superiority of thoracic epidural analgesia over intra-
enous PCA in adolescent patients,13,14 whereas Blumen-
hal and coworkers15 found better postoperative pai
ontrol and higher patient satisfaction with epidural
nalgesia.
Although neurological complications related to tho-
acic epidural catheterization are feared by anesthesiolo-
ists, a predicted risk of 0.07% of permanent neurologi-
al complications is estimated in adults.16 The available
ata for children and adolescents reporting the risk of
eurological complications related to thoracic epidural
atheterization are scarce. In a French survey involving
ore than 15,000 central blocks, mostly during general
nesthesia, Giaufré and colleagues17 similarly report 
ow incidence of adverse events with only minor com-
lications, but most of the blocks were caudal blocks. To
inimize the risk of neurologic damage, we performed the
lacement of thoracic epidural catheters after achievement
f local anesthesia in awake patients before surgical
ntervention.
Although our study was not designed to detect differ-
nces in pulmonary outcome, we observed less use of sup-
lementary oxygen in the thoracic epidural group, despite a
ather high threshold (oxygen saturation  94%) for sup-
lemental oxygen administration. This observation might be
xplained by a difference in the incidence of postoperative
telectasis. Reduced incidence rates of atelectasis during
pidural analgesia compared with systemic opioids are re-
orted in a meta-analysis.18
Experiences of pain during childhood might increase the
ain response during subsequent procedures.19 Therefore
he quality of postoperative pain control seems to be a key
ssue, especially in children. Cucchiaro and colleague20
howed that after major operations, children even seem to
ccept a higher rate of nausea and vomiting for superior
group (n  20) TEA group (n  20) P value
16.7 5.2 14.8 4.2 NS
17/3 15/5 NS
70.7 15.5 169.9 16.2 NS
56.7 15.1 53.7 15.8 NS
2.05 3.62 31.85 4.15 NS
96.1 21.8 97.4 19.9 NS
18.8 8.7 13.1 9.8 NS
12.4  1.8 3.8  0.7 .001
9.5 1.9 8.4 1.5 NS
nalysis was done with Mann–Whitney tests. Sex is presented as counts,
racic epidural anesthesia; NS, not significant. *Vertebral index: (VertebralPCA
1
3
tical a
, thoain control. However, superior analgesia did not result in a
ber 2007
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G
TSFigure 3. Side effects and additional pain medication: A, supplemental oxygen (percentage of patients);
B, additional pain medication (percentage of patients); C, sedation (100%  maximal possible value; ie, all
patients have a score of 2); D, nausea (percentage of patients). In patients treated with patient-controlled
analgesia, supplemental oxygen (P  .0005) and additional pain medication (P < .0001) were required more often
than in patients treated with thoracic epidural analgesia after pectus excavatum repair. No difference for sedation
(P  .37) and nausea (P  .10) was found between groups.
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G
TSigher incidence of side effects in our trial. We therefore
onclude that thoracic epidural analgesia is superior to
ntravenous PCA in adolescents undergoing minimally in-
asive pectus excavatum repair.
We thank Robert Greif, MD, and the nurses of the Department of
ediatric Surgery, Sozialmedizinisches Zentrum Ost-Donauspital,
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